15685.P108 



Patent 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
APPLICATION FOR LETTERS PATENT 



A System and Related Methods 
for 

Introducing Sub-carrier Diversity in a Wideband 
Communication System 



Inventor(s): 
Athanasios A. Kasapi 



Prepared by: 

Blakely, Sokoloff, Taylor & Zafinan, LLP 
12400 Wilshire Boulevard 
Seventh Floor 

Los Angeles, CA 90025-1026 
(503) 684-6200 



Express Mail Label: EL034439581US 



A System and Related Methods 
for Introducing Sub-carrier Diversity in a Wideband Communication System 



Technical Field 

[0001] The present invention generally relates to the field of wireless communication systems 
and, more particularly, to a system and related methods for introducing sub-carrier diversity in a 
wideband communication system. 

Background 

[0002] The concept of broadband (or, wideband) communication is well-known. Simplistically, 
broadband communication techniques attempt to reduce the impact of fading by communicating 
information over a wideband channel employing convolutional coding and interleaving to 
redundantly distribute the information across the wideband channel. The phenomenon of 
frequency-selective fading of radio signals is a well-known obstacle to reliable wireless 
communication. Since fading is frequency sensitive, spreading a channel across a number of 
frequencies reduces the likelihood that the entire channel will suffer from the fading, and 
increases the likelihood of that enough of a signal is received at the receiver to reconstitute a 
substantial representation of the transmitted signal. 

[0003] One example of a broadband communication technique employs Orthogonal Frequency 
Division Multiplexing (OFDM) digital modulation. OFDM describes a general class of digital 
modulation techniques where a set of equally spaced, phase synchronous sub-carriers are 
independently modulated with relatively low-rate user data in order to create a high-rate 
modulated waveform which can be demodulated by means of a fast-Fourier transform and sub- 
carrier phase detection. 
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[0004] OFDM is employed in several broadband applications including, for example, Digital 
Subscriber Line (xDSL) applications as well as the emerging wireless Ethernet standard IEEE 
802. 11a (FINISH FULL STANDARD CITE), incorporated herein for all purposes. Digital 
signals transmitted according to the 802.1 la standard undergo convolutional coding, interleaving 
and distribution among the sub-channels. The redundancy and decorrelation of errors provided 
by the coding, interleaving and distribution effectively provides a signal that is robust against 
frequency-selective fading as it propagates through the channel. If, as can often be the case, 
certain of the sub-carriers are impaired by frequency selective fading, it is hoped that enough of 
the sub-carriers remain unimpaired such that most of the original signal is recovered at the 
receiver. 

[0005] In order for this process to be successful however, it is necessary that the fading is 
sufficiently frequency selective, and that not all (or a large fraction) of the sub-carriers become 
simultaneously faded. If such a situation were to arise, even the redundant bits may be lost, 
causing irreparable data loss. In this regard, wideband communication systems such as the 
OFDM system introduced above, operate best when fading of each sub-carrier is decorrelated 
from the fading of other sub-carriers. The difficulty in arranging for such decorrelation between 
the sub-carriers of the wideband communication channel contributes to the lack of widespread 
adoption of this standard. 

[0006] Thus, a means for improving the ability of a wideband communication signal to 
withstand less than ideal channel conditions is required, unencumbered by the limitations 
commonly associated with conventional communication techniques. More particularly, a system 
and related methods for introducing sub-carrier diversity in a wideband communication system is 
required. 
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Summary 

[0007] A system and related methods for introducing spatial diversity within a broadband 
communication channel is presented. In accordance with one aspect of the present invention, 
developed more fully below, a method is presented comprising receiving information for 
transmission to a receiver, and generating a plurality of sub-carriers to redundantly transmit the 
information to a user over a multi-carrier wireless communication channel, wherein each of the 
sub-carriers is dynamically modified by a set of complex weights to ensure that each of the sub- 
carriers of the wireless communication channel propagates along a different physical path to the 
receiver. 

Brief Description of the Drawings 

[0008] The present invention is illustrated by way of example, and not by way of limitation, in 
the figures of the accompanying drawings in which like reference numerals refer to similar 
elements and in which: 

Fig. 1 is a block diagram of an example wireless communication system; 

Fig. 2 is a spectral illustration of multi-carrier broadband channels suitable for use in 
accordance with the teachings of the present invention; 

Fig. 3 is a block diagram of an example transceiver including an innovative sub-carrier 
diversity agent, according to one example embodiment of the present invention; 

Fig. 4 is a block diagram of the sub-carrier diversity agent, according to one example 
implementation of the present invention; 

Fig. 5 is flow chart of an example method of introducing intra-channel spatial diversity, 
in accordance with the teachings of the present invention; and 
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Fig. 6 is a block diagram of an example storage medium comprising a plurality of 
executable instructions which, when executed, cause an accessing machine to implement one or 
more aspects of the innovative communication agent of the present invention, in accordance with 
an alternate embodiment of the present invention. 

Detailed Description 

[0009] The present invention is generally directed to a system and related methods for 
introducing intra-channel spatial diversity in a wideband wireless communication channel. In 
accordance with one embodiment of the present invention, a sub-carrier diversity agent is 
introduced. As will be developed more fully below, the sub-carrier diversity agent receives one 
or more signals associated with a corresponding number of sub-carriers, and develops transmit 
weight(s) that modify one or more characteristics of the sub-carriers to introduce spatial diversity 
between the sub-carriers of a multi-carrier communication channel. More particularly, sub- 
carrier diversity agent develops a vector of complex- value weights (wj, W2, wn) to describe the 
at least the relative amplitude and phase characteristics imposed on a sub-carrier sent to each 
transmit antenna (1-N) within an antenna array. In accordance with one example implementation 
of the present invention, the signals received by the sub-carrier diversity agent are baseband 
signals. That is, in accordance with one example implementation of the present invention, sub- 
carrier diversity agent introduces spatial diversity within a communication channel at the 
baseband level by modifying the received information with a set of complex weight values which 
affect the amplitude and phase with which such signals are transmitted from each antenna of an 
array of two or more antennae. The sub-carrier diversity agent then passes the weighted signals 
to remaining elements of the transceiver for processing, upconversion, amplification and 
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transmission. Those skilled in the art will appreciate, given the discussion to follow, that the 
intra-channel spatial diversity improves the ability of a multi-carrier communication channel to 
withstand fading and other natural and/or unnatural channel impediments leading to poor 
reception at the receiver. 

[0010] Reference throughout this specification to "one embodiment" or "an embodiment" means 
that a particular feature, structure or characteristic described in connection with the embodiment 
is included in at least one embodiment of the present invention. Thus, appearances of the 
phrases "in one embodiment" or "in an embodiment" in various places throughout this 
specification are not necessarily all referring to the same embodiment. Furthermore, the 
particular features, structures or characteristics may be combined in any suitable manner in one 
or more embodiments. 

Example Wireless Communication System 

[0011] Fig. 1 provides a block diagram of an example communication system 100 in which the 
teachings of the present invention may well be practiced, in accordance with one example 
implementation of the present invention. In accordance with the illustrated example 
implementation of Fig. 1, communication system 100 is presented comprising one or more end- 
user device(s) 102, 112, 114 coupled to one another and/or content server(s) 1 10 of a data 
network through a wireless communication channel 105 to one another and/or an access point 
106. While end-user devices 112, 1 14 are enabled with wireless communication facilities, e.g., a 
transceiver, computing system 102 is depicted coupled to the wireless communication system 
elements of the communication system 100 through user terminal 104, which is endowed with at 
least one transceiver to support wireless communication services on behalf of at least one 
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communicatively coupled end-user device. Thus, in accordance with the illustrated example 
embodiment of Fig. 1, elements 104, 106, 1 12 and 1 14 represent a wireless communication 
system component of communications network 100. 

[0012] According to one example implementation, the wireless communication system 
component is an 802.1 la compliant wireless data network, facilitating the wireless exchange of 
data between elements via a wideband, multi-carrier wireless communication channel 105. In 
accordance with this example implementation, the wireless communication channel 105 is an 
Orthogonal Frequency Division Multiplex (OFDM) multi-carrier communication channel. 
Although developed in the context of the OFDM wideband communication channel, those 
skilled in the art will appreciate that the teachings of the present invention may well be applied to 
any multi-carrier wideband wireless communication channel without deviating from the spirit 
and scope of the present invention. 

[0013] As used herein, the user terminal 104 and wireless enabled computing appliances 112 and 
1 14 are intended to represent any of a wide variety of electronic appliances configured for 
wireless communications including, for example, wireless telephony subscriber units, wireless- 
enabled palmtop computing devices, wireless modems, and the like. In accordance with one 
example implementation, one or more of the user terminal 104 and/or end-user devices 112 
and/or 1 14 are endowed with the sub-carrier diversity agent discussed more fully below, to 
introduce intra-channel spatial diversity within a wideband communication channel. As 
introduced above, the communication channel may well be established with a common access 
point (AP) 1 06, or with one another. But for the inclusion of the sub-carrier diversity agent, user 
terminal 104 and end-user devices 1 12, 1 14 are each intended to represent those devices as they 
are commonly known in the art. 
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[0014] Access point 106 (also referred to as a communication station and/or a basestation) is 
intended to represent any of a wide variety of access points known in the art. In accordance with 
the illustrated example of Fig. 1, access point 106 is shown comprising one or more transceivers 
facilitating wireless communication with one or more end-user terminals 104, and/or wireless 
enabled end-user devices 112, 114 within its coverage area. In accordance with the illustrated 
example implementation presented above, at least a subset of the transceiver(s) faciltiate wireless 
communication using a wideband, multi-carrier communication channel, e.g., an OFDM 
communication channel. According to one implementation, at least a subset of such 
transceiver(s) are 802.1 la compliant. In accordance with one example implementation of the 
present invention, at least a subset of the illustrated transceivers include the sub-carrier diversity 
agent of the present invention to introduce intra-channel spatial diversity in a wideband 
communication channel. But for inclusion of the sub-carrier spatial diversity agent, discussed 
more fully below, access point 106 is intended to represent any of a number of such devices as 
they are commonly known in the art. 

[0015] As alluded to above, certain ones of the user terminal 104 and/or end-user devices 112, 
114 may well establish a communication session between one another, e.g., without going 
through access point 106. In this regard, one or more of the user terminal 104, end-user 
device(s) 112, 114 and/or access point 106 may well include multiple antennae to fully 
experience the advantages of intra-channel spatial diversity. Accordingly, an example of a 
transceiver suitable for use in one or more of user terminal 104, end-user device(s) 1 12, 1 14 and 
access point 106 is presented more fully below, with reference to Fig. 2. 



EL034439581US 



8 




Example Wireless Communication System Transceiver 

[0016] Having introduced the wireless communication system operating environment above, 
Fig. 2 illustrates a block diagram of an example communication system transceiver 200 
incorporating an innovative sub-carrier diversity agent, in accordance with one example 
5 implementation of the present invention. In accordance with the illustrated example 

implementation of Fig. 2, the transceiver is depicted comprising control logic 202, a transmitter 
subsystem 204, a receiver subsystem 206, optional network interface(s) 208, memory 210, 
input/output means 212 and, application(s) 214, each coupled as shown. To facilitate wireless 
communication with external elements, transceiver 200 is depicted coupled with an array of two 
y3 w or more antenna 2 1 8A. . .N. In accordance with one example implementation such as, e.g., as a 
ffj user terminal (104), transceiver 200 may well be coupled to an end-user device (102) through a 
: % wireline network connection 220. 

J" [0017] In accordance with the teachings of the present invention, to be developed more fully 
yrj below, transmitter subsystem 204 is depicted comprising a sub-carrier diversity agent 216. As 

jj u 

flj is introduced above, sub-carrier diversity agent 216 develops transmit weight values for each of a 
M= plurality of signals associated with a corresponding plurality of sub-carriers comprising the 
multi-carrier communication channel transmitted by the transceiver 200. According to one 
implementation, introduced above, sub-carrier diversity agent develops a vector of complex- 
value weights (wi } W2, w N ) to describe the relative amplitude and phase imposed on a sub- 
20 carrier sent to each transmit antenna (1-N) within an antenna array. In particular, sub-carriers 
bearing redundant information are modified with substantially different weights such that they 
are more likely to propagate distinctly and, therefore, experience decorrelated fading. In this 
regard, sub-carrier diversity agent 216 introduces intra-channel spatial diversity in the multi- 
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carrier communication channel. According to one implementation, transceiver 200 supports at 
least OFDM wireless communication. But for inclusion of the sub-carrier diversity agent 216, 
transceiver 200 is intended to represent any of a wide variety of transceivers as they are 
commonly known in the art. 

[0018] As used herein, control logic 202 controls the overall operation of the transceiver 200. In 
one implementation, e.g., within an access point 106, control logic 202 may well be responsive 
to higher-order application(s) or control logic. In alternate implementations, e.g., within a user 
terminal 104 or end-user device 1 12, 1 14, control logic 202 may respond to higher-order 
applications, control logic, or directly to user input. In either case, control logic 202 controls the 
communication resources of the transceiver 200 to establish wireless communication link(s) with 
one or more target(s) wireless communication elements. In this regard, control logic 202 is 
intended to represent any of a wide variety of control logic known in the art such as, for example, 
microprocessor(s), microcontroller(s), programmable logic device(s) (PLD), field programmable 
gate arrays (FPGA), and the like. Alternatively, control logic 202 may well be content which, 
when executed by a computing appliance, implement the control features described herein. 
[0019] Applications 214 are intended to denote any of a plurality of content which is executable 
by control logic 202 to perform some function. In this regard, applications 214 may well 
represent a series of executable instructions which, when executed, endow transceiver 200 with 
wireless communication features, or provide a wireless communication protocol to the 
transceiver 200. In alternate implementations, aspects of the sub-carrier diversity agent 216 are 
embodied as a series of executable instructions and are, in such an implementation, denoted 
herein generally as applications 214. It will be apparent that the teachings of the present 
invention may well be practiced without such applications 214. 
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[0020] Transmitter subsystem 204 develops a wireless communication channel for transmission 
to target wireless communication devices through two or more antennae 218. In accordance with 
the illustrated example implementation, transmitter module 204 includes resources to facilitate 
generation of a wideband, multi-carrier communication channel(s) such as, for example, an 
5 OFDM wideband, multicarrier communication channel. In accordance with the teachings of the 
present invention, developed more fully below, transmitter subsystem 204 utilizes a sub-carrier 
diversity agent 216 to introduce intra-channel spatial diversity within the wideband 
communication channel. 

[0021] It should be appreciated that, although depicted residing within transmitter subsystem 
J w 204, alternate implementations of sub-carrier diversity agent 216 are envisioned wherein it is not 
integrated within the transmitter subsystem itself, but merely utilized by the transmitter 
subsystem. The illustrated implementation of Fig. 2 is merely intended to represent the 
relationship of these two elements. A more detailed description of an example transmitter 
subsystem 204 is presented below, with reference to Fig. 3. 
IB is [0022] Receiver module 206 receives a transmitted signal via antennae 218 and processes the 
^ received signal to produce a substantial representation of the transmitted information, which is 
provided to an input/output device (not shown) via control logic 202 or a communicatively 
coupled end-user device. In accordance with the example implementation denoted above, 
receiver module 206 supports the downconversion, digital transform (e.g., through a fast-Fourier 
20 transform) and demodulation of a wideband, OFDM communication channel. 

[0023] Network interface(s) 208 enable transceiver 200 to interface with wireline network 
elements, e.g., with an end-user device 102. In this regard, network interface(s) 208 enables 
transceiver 200 to facilitate wireless communication services on behalf of computing appliance. 



u 
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[0024] Memory 210 is also intended to represent any of a wide variety of memory and/or storage 
devices known in the art. According to one implementation, memory 210 is intended to 
represent a memory system including a memory controller and one or more volatile and non- 
volatile memory devices (not specifically denoted). According to one implementation, to be 
developed more fully below, memory 210 maintains a data structure comprising spatial signature 
information associated with each of the sub-carriers of the wideband communication channel for 
each of the antennae 218. Memory 210 may also be used in support of other communication 
resources and/or applications 214 of transceiver 200. 

[0025] Input/Output module 212 includes one or more of a alpha-numeric keypad, speaker 
and/or microphone and is found, for example, in an implementation of an end-user device 112, 
1 14. That is, such I/O 212 resources are found in implementations wherein the transceiver 
directly supports user interaction. 

[0026] Those skilled in the art will appreciate, given the foregoing, that sub-carrier diversity 
agent 216 is particularly useful in that it introduces spatial diversity within a wideband 
communication channel. Moreover, as will be developed more fully below, such spatial 
diversity is introduced at the basesband. It will be appreciated that such intra-channel spatial 
diversity provides a wideband communication channel that is much more resilient to fading and 
other transmission impediments. 

Example Transmitter Subsystem 

[0027] Turning next to Fig. 3, an example transmitter subsystem is presented, in accordance with 
one example implementation of the present invention. In accordance with the example 
implementation presented herein, transmitter subsystem 204 receives content and generates a 
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wideband, multi-carrier wireless communication channel with which to transmit to a target 
wireless communication system element. In accordance with the illustrated example 
implementation of Fig. 3, transmitter subsystem 204 is presented comprising a splitter module 
302, a modulation module 304, the sub-carrier diversity agent 216 of the present invention, an 
5 antenna multiplexer 305, a digital transform engine 306, and an upconversion and amplification 
stage 308, each coupled as depicted. 

[0028] As used herein, the splitter module 302 receives a data signal and splits the signal into M- 
subcarriers. For each of the M-subcarriers, splitter module 302 further splits the signal into N 
_ signals, one for each antenna path (1-N). Once split, each of the signals are passed through 

Las 

L ±j io modulation module 304, which digitally modulates the received content in accordance with the 

■T J modulation scheme employed by the wireless communication system. According to one 

jE example implementation, modulation module 304 employs quadrature phase shift-keying 

DO 

b (QPSK) modulation of the received content. Any of a number of alternate modulation schemes 
J3 may well be employed, however, such as, for example, quadrature amplitude modulation 

nj 

5 is (QAM), binary phase shift-keying (BPSK), and the like. According to one example 

D 

^ implementation, modulation module 302 also performs convolutional coding and interleaving, 
producing a plurality of signals, each comprising at least a subset of content that is selectively 
redundant with other such signals. According to one example implementation, the generated 
signals are baseband signals. 
20 [0029] As shown, sub-carrier diversity agent 216 accepts the M sub-carrier baseband signals and 
modifies the signals with a unique transmit weighting value(s). More particularly, as introduced 
above, sub-carrier diversity agent 216 receives the baseband signals (1-M) and multiplies the 
signals by a dynamically generated set of complex weight vectors (wi, W2, . . wn) which 
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effectively modify one or more of amplitude and/or phase characteristics at the transmit antenna 
(1-N) of an antenna array. In this regard, sub-carrier diversity agent introduces intra-channel 
spatial diversity in a wideband, multi-carrier communication channel. 

[0030] In accordance with the illustrated example implementation, sub-carrier diversity agent 
216 is presented comprising control logic 310, which develops the set of complex weighting 
values to be applied to each of the signals. According to one example implementation, a 
complex weight value to modify, e.g., the amplitude and/or phase of the signal, is developed for 
each antenna. That is, if the complex-valued baseband signal of a sub-carrier (i) is s(i), then the 
signal transmit from antenna (j) is weighted with a complex-valued weight w(i j) and the 
baseband signal transmit from antenna (j) may be represented as: 

w(i,j) * s(i) (1) 
Thus, for each sub-carrier (i), the vector of weights: 

(w(i 3 l),w(i,2),...,w(i,N)) (2) 
where N is the number of antennae in the array, will determine a unique beampattern of the sub- 
carrier when transmitted from the antenna array. Accordingly, once the weight vector is 
developed for a given baseband signal, it is applied to the baseband signal as depicted. 
According to one example implementation, sub-carrier diversity agent 216 digitally multiplies 
3 12 the baseband signal by the complex weight values In accordance with an alternate 
implementation of, for example, analog signals, the baseband signal is multiplied by the complex 
weight value(s) using a mixer (e.g., 312). 

[0031] By choosing a different vector of weights for each of the baseband signals (1-M), control 
logic 310 causes each sub-carriers sharing convolutionally encoded information and, therefore, 
partially redundant to be transmitted with a different beampattern from one another. Each such 
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beampattern propagates differently and, as a result, intra-channel spatial diversity is introduced 
within the wideband communication channel. 

[0032] As used herein, control logic 310 may well use any of a number of techniques to develop 
the distinct transmit weights applied to a sub-carrier. According to one example implementation, 
5 for example, control logic 310 arbitrarily chooses a vector for a first of such signals, and 
subsequently steps through the remaining signals in an iterative fashion applying a vector to 
subsequent signals that is maximally orthogonal to signals adjacent to the subsequent signals. 
According to an alternate implementation, control logic 310 applies arbitrary weight vector(s) 
chosen from a pre-determined set, the number in the set determined by the interleaving depth 

J w (i.e., the number of sub-carriers bearing the same redundant information), and applied in such a 

n 

[ j way that the sub-carriers bearing redundant information receive different weight vectors. 

-J 

According to yet another alternate implementation, control logic 310 applies weight vectors that 
are sufficiently different from weight vectors modifying subcarriers sharing convolutionally 
encoded informration, where substantially different weight vectors are selected to satisfy the 
75 following: 

Jwi' * Wj|/(abs(wi) * abs(wj)) < THRESH, where THRESH < 1. 



[0033] Regardless of the method employed, control logic 310 maintains the set of weight vectors 
in a data structure such as, for example, the one referenced below in Fig. 4. 
20 [0034] Once sub-carrier diversity agent 216 has introduced intra-channel spatial diversity, the 
weighted baseband signals 1-M are passed to multiplexer 305, wherein subcarrier elements (1- 
M) associated with a particular antenna (1-N) are multiplexed together and applied to a digital 
transform 306. According to one example implementation, the digital transform is an Fourier- 
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type transformation (wherein the receiver implements the inverse of the transform employed in 
the transmitter). In accordance with the illustrated implementation, digital transform 306 
employs a fast-Fourier transform, while a receiving entity would thus employ an inverse FFT. In 
this regard, each of the sub-carrier signals (1-M) associated with a particular antenna (1-N) are 
transformed together, on a symbol-by-symbol basis. Each of these transformed signals are then 
passed through an upconversion and/or amplification stage 308 before transmission via 
associated antenna (1-N). 

Example Data Structure(s) 

[0035] Fig. 4 graphically illustrates an example data structure for maintaining intra-channel 
spatial signature information, in accordance with one example implementation of the present 
invention. In accordance with the illustrated example implementation of Fig. 4, a data structure 
400 is presented comprising a channel identification field 402 followed by a number of sub- 
carrier spatial signature fields 404-408. Each of the sub-carriers carry a weight vector for each 
of antennae 2 1 8 A. . .N. Thus, the weight vector depicted conforms to the following format: 

W(sub-carrier_ID, antenna_ID) (3) 
As used herein, the size and complexity of the data structure(s) used to implement the 
aforementioned intra-channel spatial diversity features may well vary from that depicted without 
deviating from the spirit and scope of the present invention. 
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Example Implementation and Operation 

[0036] Having introduced the operational and architectural elements of the present invention, 
above, reference is next directed to Fig. 5, wherein an example method of introducing intra- 
channel spatial diversity is presented, in accordance with the teachings of the present invention. 
[0037] Fig. 5 illustrates a flow chart of an example method for generating a wideband 
communication channel, in accordance with teachings of the present invention. That is, Fig. 5 
illustrates an example method for introducing intra-channel spatial diversity in a wideband 
wireless communication channel, in accordance with the teachings of the present invention. As 
shown, the illustrated example method begins with block 502 wherein a transmitter subsystem 
204 receives content for processing and wireless transmission over a multi-carrier wireless 
communication channel. In block 504, the content is split into M-subcarriers and each sub- 
carrier is further split 302 for processing along N antenna paths, thus yielding N versions of M 
sub-carriers, some of which comprising selectively redundant subsets of the received content. 
Once the received content is split into N versions of the M sub-carriers, each of the signals is 
applied to modulation module 304, which digitally modulates the received content As 
introduced above, modulation module 304 digitally each of the sub-carriers using QPSK 
modulation. 

[0038] In block 506, the digitally modulated signals are passed to sub-carrier diversity agent 
216, which modifies the baseband signals with a set of complex weights, which effectively 
modify one or more signal attributes at each of the transmission antennae (1-N). According to 
one example implementation, such baseband signals are passed to sub-carrier diversity agent 216 
wherein controller 310 develops the set of complex weight vectors associated with each of the 
antennae (1-N) and applies the weight vector to the baseband signals (1-M). As introduced 
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above, control logic 310 may well employ any of a number of techniques to generate a set of 
weight vectors which are applied to the baseband signals. 

[0039] In block 506, the weighted signals are multiplexed 305 according to transmission path 
(e.g., combine each of the sub-carrier elements (1-M) corresponding to individual ones of the 
5 antennae (1-N) and passed through a digital transform (e.g., FFT 306) before one or more of 
upconversion and amplification 308 to complete transmission processing, whereupon the 
wideband communication channel with intra-channel spatial diversity is transmitted to one or 
more receiver(s). 

[0040] According to one example implementation, not particularly depicted, implementations 
J3 10 comprising multiple transceiver(s) (e.g., access point 106) may also utilize inter-channel spatial 
diversity using any of a number of known techniques. In this regard, a communication system 
employing intra-channel and inter-channel spatial diversity is envisioned which beneficially 

~* utilizes spatial diversity within and between the communication channels of the wideband 

C3 

J3 communication system. 

o 

M- Alternate Embodiment(s) 

[0041] Fig. 6 is a block diagram of an example storage medium comprising a plurality of 
executable instructions which, when executed, cause an accessing machine to implement one or 
more aspects of the innovative sub-carrier diversity agent 216 of the present invention, in 
20 accordance with an alternate embodiment of the present invention. 

[0042] In the description above, for the purposes of explanation, numerous specific details are 
set forth in order to provide a thorough understanding of the present invention. It will be 
apparent, however, to one skilled in the art that the present invention may be practiced without 
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some of these specific details. In other instances, well-known structures and devices are shown in 
block diagram form. 

[0043] The present invention includes various steps. The steps of the present invention may be 
performed by hardware components, such as those shown in Figures 1, 2 and/or 3, or may be 
embodied in machine-executable instructions, which may be used to cause a general-purpose or 
special-purpose processor or logic circuits programmed with the instructions to perform the 
steps. Alternatively, the steps may be performed by a combination of hardware and software. 
The steps have been described as being performed by either the base station or the user terminal. 
However, any steps described as being performed by the base station may be performed by the 
user terminal and vice versa. The invention is equally applicable to transceivers and/or systems 
in which terminals communicate with each other without either one being designated as a base 
station, a user terminal, a remote terminal or a subscriber station. The invention can further be 
applied to a network of peers. 

[0044] The present invention may be provided as a computer program product which may 
include a machine-readable medium having stored thereon instructions which may be used to 
program a computer (or other electronic devices) to perform a process according to the present 
invention. The machine-readable medium may include, but is not limited to, floppy diskettes, 
optical disks, CD-ROMs, and magneto-optical disks, ROMs, RAMs, EPROMs, EEPROMs, 
magnet or optical cards, flash memory, or other type of media / machine-readable medium 
suitable for storing electronic instructions. Moreover, the present invention may also be 
downloaded as a computer program product, wherein the program may be transferred from a 
remote computer to a requesting computer by way of data signals embodied in a carrier wave or 
other propagation medium via a communication link (e.g., a modem or network connection). 
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[0045] Importantly, while the present invention has been described in the context of a wireless 
communication system for portable handsets, it can be applied to a wide variety of different 
wireless systems in which data are exchanged. Such systems include voice, video, music, 
broadcast and other types of systems without external connections. The present invention can be 
5 applied to fixed remote terminals as well as to low and high mobility terminals. Many of the 
methods are described in their most basic form but steps can be added to or deleted from any of 
the methods and information can be added or subtracted from any of the described messages 
without departing from the basic scope of the present invention. It will be apparent to those 
skilled in the art that many further modifications and adaptations can be made. The particular 

o 

J3 w embodiments are not provided to limit the invention but to illustrate it. The scope of the present 
ffl invention is not to be determined by the specific examples provided above but only by the claims 

y below. 
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